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DYNAMIC THICKNESS CORRECTION 



The invention relates to a method and a device for 
correcting the thickness of a metal strip during rolling 
comprising a roll stand with adjusting elements to 
regulate the thickness of the strip and at least one take- 
up coiler. 

During the rolling of metal strip, for example, strip made 
of aluminium or an aluminium alloy, in order to reduce 
their thickness after passing through a roll stand, the 
rolled metal strips are wounded onto a take-up coiler as a 
coil. One important quality feature of the rolled strip 
wound as a coil is among other things the thickness of the 
strip and its fluctuations. 

The thickness of the metal strip has hitherto been 
measured using a radiometric measuring method and the 
adjusting element of the roll stand controlled depending 
on this value. In the radiometric measuring method, a 
detector arranged on one side of the metal strip is used 
to measure the radiation transmitted by the metal strip 
from an emitter arranged on the other side of the metal 
strip. The radiation measured by the detector is in this 
case dependent on the absorption in the metal strip which 
is especially determined by the thickness of the metal 
strip. The deviation of the radiometrically determined 
strip thickness from a desired value of the strip 
thickness is used as an input quantity for controlling 
adjusting elements of the roll stand to influence the 
thickness of the metal strip. However, the radiometrically 
determined measured thickness is dependent on further 
variables, for example, the alloy composition of the 
strip, the air density and air temperature in the 
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measurement path, for example during blowing out or 
sucking in heated air, the fraction of coolant and 
lubricant mist in the measurement path, as well as the 
temperature of the rolled material and the system 
components to determine the thickness. Thus, it is 
absolutely essential to determine the variables and 
standardise the radiometric measuring method to the 
additional variables. 

A disadvantage with the conventionally known method for 
correcting the strip thickness of a metal strip during 
rolling is that a determination of the variables and 
standardisation of the radiometric measuring method to 
these variables cannot take place comprehensively under 
rolling conditions. Thus, to correct the alloy-dependent 
absorption behaviour of the metal strip, it is necessary 
to measure the alloy composition on a casting sample by 
means of spark spectrometry and to calculate therefrom an 
absorption index for the alloy which is taken into account 
in the radiometric measuring method. Variations during 
sampling and measurement uncertainties during the spark 
spectrometry have the result that the radiometrically 
determined thickness is provided with a confidence 
interval which is to be taken into account according to 
the product requirement. 

In order to standardise the radiometric measured values, 
on the one hand the electrical zero point of the detector 
signal with the emitter aperture closed is used and on the 
other hand, under full irradiation, that is without a 
sample in the measuring path, a balancing factor is 
determined which takes into account the absorption 
conditions in the measuring section at this time. This 
takes place automatically during changing the coil or 
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every time the emitter aperture is open without measured 
material. The temperature variation in the measurement 
path with the rolled material is determined by measuring 
the temperature variation and an empirical weighting 
factor determined therefrom. It is not possible to record 
the integral temperature profile in the measurement path 
which exhibits substantial variations during rolling as a 
result of the hot rolled strip. Thus, the integral 
temperature profile cannot be taken into account during 
the radiometric thickness measurement. 

Furthermore, in systems known from the prior art for 
verifying the radiometric measuring point, control 
standards are located in a hermetically encapsulated area 
in the immediate vicinity of the emitter, i.e., metal 
sheets whose absorption properties do not vary except as a 
result of temperature variations. By verifying the 
measured thickness values of these control standards, the 
absorption curve entered into the measuring system can be 
corrected. However, this adjustment can likewise only be 
made when the rolling process is interrupted. 

As a result of the disadvantages of the hitherto known 
methods for correcting the thickness of a metal strip 
during rolling, which have been described above, the 
thickness tolerances currently required can only be met 
with difficulty. 

Starting from the prior art described previously, it is 
the object of the present invention to provide a method 
and a device for correcting the thickness of a metal strip 
during rolling using a roll stand, which ensures the 
production of rolled strips having a reduced thickness 
tolerance . 
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According to a first teaching of the present invention, 
the object derived and indicated previously is solved 
according to method in that an average strip thickness of 
a strip section is determined from at least one strip 
length measurement and the measurement of the dedicated 
rotation of the take-up coiler and the adjusting elements 
of the roll stand are controlled at least depending on the 
determined average strip thickness of the strip section. 
In this case, use is made of the fact that the average 
layer spacing of the strip on the take-up coiler is linked 
to the measured strip length and take-up coiler rotation 
from which the average strip length can be determined by 
means of a fill factor. The required measurement of the 
strip length and the take-up coiler rotation are in this 
case almost independent of the variables of the 
radiometric thickness measurement so that a measured value 
of the average strip thickness of a strip section, 
independent of the ambient conditions of the roll stand, 
is provided. It has been shown that even after short strip 
lengths a sufficiently accurate value for the average 
strip length can be determined. By controlling the 
adjusting elements at least depending on the determined 
average thickness of the strip section, a reduction in the 
thickness tolerances of the rolled strip can thus be 
achieved. 

If the strip thickness is additionally measured 
radiometrically and the adjusting elements of the roll 
stand are controlled depending on a radiometric strip 
thickness corrected using the average strip thickness, it 
is possible according to a next further embodiment of the 
invention to dynamically correct the radiometrically 
determined strip thickness using the determined average 
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strip thickness and to control the adjusting elements of 
the roll stand depending on the dynamically corrected 
strip thickness value. Thus, an input quantity is 
available to control the strip thickness during rolling of 
a metal strip which on the one hand makes it possible to 
almost instantaneously influence the adjusting elements 
and on the other hand can be corrected depending on the 
typical variables of the radiometric determination of the 
strip thickness during the rolling process. 

According to an advantageously further developed 
embodiment of the method according to the invention, a 
particularly high accuracy in the measurement of the strip 
length during rolling is achieved by measuring the strip 
length using the laser Doppler velocimetry method. The 
laser Doppler velocimetry method (LDV method) is a 
standard method for measuring flow velocities. The 
principle consists in analyzing the scattered light of a 
particle which passes through a system of interference 
fringes produced by a laser source. The frequency of the 
received signal is then proportional to the particle 
velocity. If the system of interference fringes is imaged 
on the rolled strip, the speed of the* rolled strip can be 
determined very exactly by analyzing the scattered light. 
Thus, a highly accurate strip length measurement is 
available to determine the average strip thickness of a 
strip section. 

If according to a next further developed embodiment, the 
rotation speed of the take-up coiler is measured using a 
high-resolution incremental sensor on the axis of the 
take-up coiler or the axis of the take-up coiler motor, 
the rotation speed of the take-up coiler, required to 
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determine the average strip thickness, can be determined 
simply with sufficient accuracy. 

An advantageous embodiment of the method according to the 
invention is obtained in that a plurality of values for 
the average strip thickness of the same strip section is 
measured by selecting a plurality of different starting 
points and strip lengths to be measured to determine the 
average strip thickness. By means of this measure it is 
possible to carry out a statistical evaluation of the 
values of the average strip thickness of a strip section 
and reduce the measurement error when determining the 
average strip thickness of a strip section so that the 
thickness tolerances of the rolled strip can be further 
reduced . 

According to a further developed embodiment of the method 
according to the invention, the influence of the coiling 
process on the fill factor can be taken into account in 
that the values for the average strip thickness of the 
same strip section are additionally smoothed with variable 
weighting depending on the actual coil diameter of the 
strip on the take-up coiler. It can hereby be prevented 
that, especially at the beginning of the coiling process, 
fluctuations of the coil diameter have a stronger 
influence on the determination of the average strip 
thickness . 

The process reliability of determining the average strip 
thickness can be further increased according to an 
advantageous embodiment of the method according to the 
invention by carrying out at least one further redundant 
strip length measurement. 
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If, in the event of failure of a first strip length 
measurement used to determine the average strip thickness, 
there is an automatic switchover to a further redundant 
strip length measurement, it can be ensured that the 
dynamic thickness correction can be carried out 
continuously even in the event of failure of a strip 
length measuring system. Thus the rolling process need not 
be interrupted. 

According to a second teaching of the present invention 
the derived and indicated object is solved by a device for 
correcting the thickness of a metal strip during rolling 
using at least one roll stand with adjusting elements to 
regulate the thickness of the strip, at least one take-up 
coiler as well as means for measuring the strip length and 
the extent of the dedicated rotation of the take-up 
coiler, in that means for controlling the adjusting 
elements of the roll stand depending on an average strip 
thickness determined from the measured strip length and 
dedicated rotation of the take-up coiler are provided. As 
has been described above, by means of this measure it is 
possible to measure the strip thickness of a metal strip 
during rolling approximately independently of the ambient 
conditions of the roll stand. 

According to a further developed embodiment of the device 
according to the invention, an input parameter for 
controlling the adjusting elements is available directly 
after the rolling of the strip if additional means for 
radiometric determination of the thickness of the metal 
strip are provided between the roll stand and the take-up 
coiler. In addition, by controlling the adjusting elements 
of the roll stand using a radiometrically determined strip 
thickness value corrected dynamically using the average 
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strip thickness, it is possible that the strip thickness 
tolerance of the entire strip can be further reduced. 

An advantageous embodiment of the device according to the 
invention is obtained by providing means for redundant 
measurement of the strip length. On the one hand, the 
process reliability during rolling can hereby be increased 
with reference to the failure of a strip length measuring 
system and on the other hand, by means of the redundant 
strip length measurement it is possible to verify the 
respective strip length measurement so that its accuracy 
can be enhanced. 

In addition, the accuracy of the strip length measurement 
can be further increased in that, according to a further 
developed embodiment of the device according to the 
invention, a laser Doppler velocimetry system is provided 
for measurement of the strip length. 

If, according to a next further developed embodiment of 
the device according to the invention, high-resolution 
incremental sensors are provided on the axis of the take- 
up coiler or the axis of the take-up coiler motor, it is 
possible to determine the rotation of the take-up coiler 
dedicated to a particular strip length very accurately in 
a simple fashion. 

There are now a plurality of possibilities for 
advantageously configuring and further developing both the 
method according to the first teaching of the invention 
and also the device according to the second teaching of 
the invention. For this purpose, for example, reference is 
made on the one hand to the claims subordinate to claims 1 
and 10 and on the other hand to the description of a 



- 9 - 



preferred exemplary embodiment in conjunction with the 
drawings . 



In the figures: 

Fig. 1 is a schematic illustration of a first 
embodiment of a device according to the 
invention for correcting the thickness of a 
metal strip during rolling, 



Fig. 2a is a schematic illustration showing the method 
used in the first embodiment to determine the 
average strip thickness from a strip length 
measurement , 

Fig. 2b is a sectional view of a take-up coiler with a 
plurality of coiled layers of a metal strip and 

Fig. 3: is a block diagram showing the control of a next 
embodiment of a device for correcting the 
thickness of a metal strip during rolling. 



The embodiment of a device for correcting the thickness of 
a metal strip 1 during rolling shown in Fig. 1 comprises a 
roll stand 2 with adjusting elements not shown for 
regulating the thickness of the strip 1, a deflecting roll 
3 and a take-up coiler 4. Also shown for determining the 
strip thickness are an LDV system 5 for measuring the 
strip length, an incremental sensor 6 on the axis of the 
take-up coiler 7 and an emitter 8 and a detector 9 for 
radiometric determination of the strip thickness. During 
rolling, after the metal strip 1 has left the roll stand 
2, it is guided around a deflecting roll 3 and coiled onto 
the take-up coiler 4. An average strip thickness is 
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calculated from the rotation speed of the take-up coiler 4 
and the dedicated strip length. 

Figure 2a shows the sequence of the method for determining 
the average strip thickness of a metal strip 1 in 
principle using an LDV system 5 and a take-up coiler 4. In 
this case, the LDV system 5 measures the strip length 
during coiling of the strip 1 onto the take-up coiler 4 
wherein the first layer of the strip 1 has a radius r 
fixedly pre-determined by the take-up coiler 4 during 
coiling. 

Figure 2b now shows a sectional view of a take-up coiler 4 
with a plurality of coiled layers of a metal strip 1. The 
average layer spacing h of the wound-on strip 1 is 
obtained from the difference between the radii r m and r n 
and the number of coiled layers between the radii, that is 
the dedicated number of rotations of the take-up coiler 4 . 
For the average layer spacing h between two arbitrary 
winding radii r m and r n it thus holds that: 

n m 

n-m 

where L n is the length running from an arbitrary starting 
point, n is the dedicated number of the rotation of the 
take-up coiler 4, Lm is a fixed length from the same 
starting point and m is the dedicated number of rotations 
of the take-up coiler 4 for the fixed length Lm. 

As Fig. 1 shows, the deflecting roller 3 can also be used 
in principle to measure the strip lengths L n or L m but a 
non- contact and non-slip measurement using the LDV system 
5 is to be preferred since a substantially more accurate 
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strip length measurement is achieved. High-resolution 
incremental sensors 6 arranged on the take-up coiler 7 
yield the dedicated number n or m of rotations of the 
take-up coiler. These measured values are first used to 
calculate an average layer spacing h using the above 
formula so that the average strip thickness of a strip 
section can then be calculated from h with the aid of a 
fill factor. The average strip thickness is calculated 
after an adjustable strip length using the computer 10 
which on the one hand displays the measured average strip 
thickness via the display 11 and on the other hand, passes 
on the value for dynamic thickness correction to a first 
comparator 12. In the comparator 12 the value of the 
average strip thickness is compared with the desired 
thickness 13 of the strip 1 and the difference is passed 
onto a next comparator 14 as a dynamic thickness 
variation. The value of the dynamic thickness variation is 
added to the radiometric strip thickness 15 determined 
using the emitter 8 and the detector 9 in the comparator 

14 and passed on to a further comparator 17 as a 
dynamically corrected actual thickness 16. Said comparator 
now determines the control variable for controlling the 
adjusting elements 18 from the deviation of the 
dynamically corrected actual thickness 16 from the desired 
thickness 13 . The value of the dynamic thickness 
correction can be determined sufficiently accurately 
during the rolling process after short strip lengths, for 
example, after a coiled strip length of about 50 m. This 
does not apply to the beginning of the rolling process 
since in this case, the fluctuations as a result of the 
coiling process are still too large but in the further 
course of the rolling process, there is a possibility for 
correcting the radiometrically determined strip thickness 

15 which is independent of the variables of the 
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radiometric strip thickness measurements. By excluding 
these variables, the adjusting elements of the roll stand 
18 can be controlled substantially more accurately which 
results in a significant reduction in the strip thickness 
tolerances . 

It is also possible to release the correction calculations 
only under certain parametrisable conditions. The block 
diagram of the control system of a corresponding exemplary 
embodiment of a device for correcting the thickness of a 
metal strip during rolling is shown in Fig. 3. The 
parameters, quantities and conditions specified hereunder 
are merely to be regarded as an exemplary configuration of 
the control system which can vary depending on the rolled 
material to be produced. 

The block diagram shown in Fig. 3 initially has a logic 
AND gate 19 with 6 inputs 20, 21, 22, 23, 24, 25 and one 
output 26. Via the inputs 20 to 24, the conditions as to 
whether the laser is operating, whether the desired 
thickness is more than 0 . 8 mm for example, whether data on 
the alloying of the alloy are deposited in a table, 
whether manual or automatic operation is selected and 
whether the strip speed is higher than 100 m/min for 
example, can be interrogated and used to release the 
thickness correction. Further conditions can be taken into 
account via additional inputs at the AND gate 19. 

The input 25 of the AND gate 19 is in this case connected 
to the output of a logic OR gate 27 which for its part has 
two inputs 28 and 29 which are connected to the output of 
the comparing elements 30 respective 31. In the comparing 
element 30 the actual value of the strip length 32 is 
compared with a starting value of the strip length 35 
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calculated from the desired thickness 33 by means of a 
function member 34 and an output signal is delivered to 
the OR gate 27 as soon as the actual value of the strip 
length 32 lies above a certain starting value of the strip 
length 35. The comparing element 31 on the other hand, 
with the aid of the absolute member 38, compares the 
absolute value of the difference 39, determined using the 
difference element 36, between the desired thickness 33 
and the average strip thickness 37 determined using the 
LDV method, with a value dependent on the desired 
thickness 33. If the absolute deviation is smaller than, 
for example, 1% of the desired thickness, the output of 
the comparing element 31 is actuated and a signal is 
applied to the input 29 of the OR gate 27. 

Thus, if the deviation of the average strip thickness 37 
from the desired thickness 33 is less than 1% of the 
desired thickness or the actual value of the strip length 
32 is greater than a starting value of the strip length 
35, a signal is applied to the input 25 of the AND gate 
19. If the inputs 20 to 25 of the AND gate 19 are 
actuated, the output 41 of the logic circuit is set to 
"auto correction switched on" via the output 26 of the AND 
gate 19 with the aid of the setting element 40. At the 
same time, a signal is applied to the input 42 of the PID 
element 43 . The PID element 43 then determines the dynamic 
thickness correction 44 of the radiometrically measured 
actual thickness 46 of the strip from the control 
deviation applied in the form of the difference 39 between 
the desired thickness 33 and the average strip thickness 
37 determined using the LDV method. However, a comparing 
element 46 connected to the PID element 43 can prevent the 
regulation of the PID element 43 if the control deviation 
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39 is, for example, smaller than 1% of the desired 
thickness 33. 

In the adding element 47 the dynamic thickness correction 
44 is now added to the measured actual thickness 45 and is 
applied to the input 49 of a switch 50 as a corrected 
actual thickness 48. The output 51 of the switch 50 is in 
turn directly connected to an input of the control system 
of the adjusting elements of the roll stand, which is not 
shown. 

If the output 41 of the logic circuit is switched to "auto 
correction on" , and thus a signal is applied to the PID 
element 43, the switch 50 connects the input 49 to the 
output 51 and the adjusting elements of the roll stand are 
controlled with the corrected actual thickness 48. In this 
case, in the control system of the adjusting elements, 
which is not shown, the value output via the output 51 is 
again compared with the desired thickness 33 and the 
adjusting elements of the roll stand 2 are correspondingly 
controlled. 

In addition, using the switch 50 it is also possible to 
switch over the control system of the adjusting elements 
manually to the actual thickness 46 by connecting the 
output 51 of the switch 50 to the input 52 of the switch 
50. Under certain circumstances an automatic switchover to 
control using the actual thickness 46 can take place, that 
is if the output 41 is reset via the OR gate 53 of the 
reset element 54. This is the case if the output 55 of the 
OR gate 53, which verifies the operating state of the 
emitter in the outlet or the input 56 of the OR gate 53 
which monitors the strip speed falling below a minimum 
value, carry a signal. By this means, for example, it can 
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be prevented that despite the emitter 8 being switched off 
in the outlet of the strip 1, an automatic thickness 
correction is made. 



